We carry out a multi-wavelength study of individual galaxies detected by the Balloon-borne Large Aperture Submillimeter Telescope (BLAST) and identified at other wavelengths, using data spanning the radio to the ultraviolet (UV). We develop a Monte Carlo method to account for flux boosting, source blending, and correlations among bands, which we use to derive deboosted far-infrared (FIR) luminosities for our sample. We estimate total star-formation rates for BLAST counterparts with z ≤ 0.9 by combining their FIR and UV luminosities. Star formation is heavily obscured at L FIR 10 11 L ⊙ , z 0.5, but the contribution from unobscured starlight cannot be neglected at L FIR 10 11 L ⊙ , z 0.25. We assess that about 20% of the galaxies in our sample show indication of a type-1 active galactic nucleus (AGN), but their submillimeter emission is mainly due to star formation in the host galaxy. We compute stellar masses for a subset of 92 BLAST counterparts; these are relatively massive objects, with a median mass of ∼ 10 11 M ⊙ , which seem to link the 24 µm and SCUBA populations, in terms of both stellar mass and star-formation activity. The bulk of the BLAST counterparts at z 1 appear to be run-of-the-mill star-forming galaxies, typically spiral in shape, with intermediate stellar masses and practically constant specific star-formation rates. On the other hand, the high-z tail of the BLAST counterparts significantly overlaps with the SCUBA population, in terms of both star-formation rates and stellar masses, with observed trends of specific star-formation rate that support strong evolution and downsizing.
Introduction
The physical processes associated with the evolution of the Universe have left an imprint in the extragalactic background light. The far-infrared (FIR) portion of the background is associated with forming galaxies in which the ultraviolet (UV) photons emitted by new born stars are absorbed and re-radiated by dust in the IR. Roughly half of the energy content of the starlight integrated over the age of the Universe is stored in the Cos-mic Infrared Background (CIB), glowing with a broad peak at around 200 µm (Puget et al. 1996; Fixsen et al. 1998; Dwek et al. 1998) . The tight connection between star formation and FIR luminosity provides a route to understanding the history of star formation in the Universe, by means of studying the CIB at wavelengths close to its peak (Gispert et al. 2000; Rowan-Robinson 2001; Chary & Elbaz 2001; Hauser & Dwek 2001) .
The first leg on this route is to identify the sources contributing to the CIB. Ground-based surveys with the Submillimetre Common-User Bolometer Array (SCUBA) have revealed the existence of a population of distant, highly dust-obscured galaxies, similar to the Ultra Luminous Infrared Galaxies (ULIRGs) detected by IRAS (Smail et al. 1997; Hughes et al. 1998; Barger et al. 1998) , which make up all the background at 850 µm (Blain et al. 1999) . However, at these wavelengths the energy in the CIB is only one-thirtieth of the value at its peak, and the SCUBA population only contributes 20-30% to the CIB at its peak (Coppin et al. 2006; Dye et al. 2007 ).
Recent progress has been made through new observations obtained at 24, 70, and 160 µm by the MIPS instrument aboard the Spitzer Space Telescope (Rieke et al. 2004) , and at 250, 350 and 500 µm by the Balloonborne Large Aperture Submillimeter Telescope (BLAST, Devlin et al. 2004; Pascale et al. 2008 ), a forerunner of the SPIRE instrument ) on the Herschel Space Observatory (Pilbratt et al. 2010) . These wavelengths bracket the CIB peak; several authors have shown through stacking analyses that 24 µm-selected galaxies resolve the CIB background, both on the shortwavelength side of the peak ) and on its long-wavelength side Marsden et al. 2009) .
Sources identified at 24 µm are mostly unresolved in the FIR, and have a redshift distribution with median of 0.9 ). A detailed multiwavelength study of these sources is the necessary next step. Starting from a catalog of ≥ 5σ BLAST sources, Dye et al. (2009, hereafter D09) have identified counterparts in 24 µm and radio catalogs (BLAST IDs). These tend to be relatively nearby sources (median z of 0.6, inter-quartile range of 0.2-1.0), with a median dust temperature of 26 K and a median bolometric FIR luminosity of 4 × 10 11 L ⊙ , which contribute 20% to the CIB at 250 µm. Identified BLAST sources typically lie at lower redshifts and have lower rest-frame dust temperatures compared to submillimeter (submm) sources detected in surveys conducted with SCUBA Pope et al. 2005) . However, D09 also note that the ∼ 40% of BLAST sources without identified counterparts probably lie at higher redshifts on average. Finally, D09 illustrate how the apparent increase in dust temperature and FIR luminosity with redshift occurs as a result of selection effects.
We also note that three other multi-wavelength studies of fainter BLAST sources discovered in the deepest part of the map have been undertaken. Dunlop et al. (2010) concentrate on 250 µm radio-identified sources within GOODS-S (Dickinson et al. 2003 , see Section 2.1) where the deepest ancillary data coincide. Chapin et al. (2010) use overlapping BLAST 250-500 µm and LABOCA 870 µm (Weiß et al. 2009 ) data in the larger Extended Chandra Deep-Field South (ECDFS) to constrain the Rayleigh-Jeans tail more accurately than was possible in D09. Finally, Ivison et al. (2010) study the FIR/radio correlation for a catalog of BLAST 250 µm-selected galaxies in the ECDFS; this sample is deeper than the D09 one, and yet slightly shallower than the selection in Dunlop et al. (2010) . There is little overlap between the sources used in these studies and the shallower/widerarea sample from D09.
The basis of our present study is the D09 sample as its brighter, and lower-redshift objects were most easily followed-up in the optical and UV. However, we first extend the submm analysis of D09 by accounting for flux boosting, source blending and correlations among BLAST bands that inevitably arise in IR surveys as a consequence of finite instrumental angular resolution and source confusion (Coppin et al. 2005) . We then identify counterparts to the BLAST IDs in the near-and far-UV GALEX maps, in order to quantify the total dust-obscured and unobscured star formation, as described by several authors (Bell 2003; Hirashita et al. 2003; Iglesias-Páramo et al. 2006; Buat et al. 2007 ). We also extend the analysis of Eales et al. (2009, hereafter E09) to combine spectroscopic data of BLAST IDs with optical, near-IR (NIR) and mid-IR (MIR) photometry in order to place firmer constraints on source redshifts, morphology, AGN fraction, and stellar masses.
We are able to assign spectroscopic and photometric redshifts to ∼62% of the BLAST IDs. We use this information to estimate the rest-frame total FIR luminosity from the combined BLAST and MIPS photometry. We compare our FIR luminosities with those obtained from MIPS photometry only, finding a significant discrepancy for high luminosity sources (L FIR 5 × 10
11
L ⊙ ) at z 0.5. The BLAST and SPIRE wavebands are therefore fundamental in constraining the peak of hidden star formation at high redshift (see also e.g. Schulz et al. 2010; Elbaz et al. 2010 ). In addition, UV counterparts are found for about 60% of the BLAST IDs. This allows us to estimate the fraction of UV photons that manage to escape the dust shroud, which is then combined with FIR data to build an estimator of the total star-formation rate (SFR tot ) ongoing in these sources. Recent observations at the same wavelengths ) delineate the UV contribution as marginal at all redshifts. We find that star formation is heavily obscured at L FIR 10 11 L ⊙ , z 0.5, but unobscured starlight plays an important role in low redshift, low FIR luminosity sources (z 0.25, L FIR 10 11 L ⊙ ), in agreement with Buat et al. (2010) .
We reanalyze the optical spectroscopy data from the AAOmega survey presented in E09 to obtain Hα equivalent widths and [NII]/Hα line ratios. This spectral analysis, combined with a qualitative study of the radio, MIR and optical emission, allows us to assess whether or not a BLAST galaxy is hosting an active nucleus: roughly 20% of the objects in our sample show evidence of AGN presence. Recent observations of FIR-selected samples Coppin et al. 2010; Muzzin et al. 2010; Hatziminaoglou et al. 2010; Shao et al. 2010; Elbaz et al. 2010) show that the submm emission of such objects is mainly due to star formation ongoing in the host galaxy, rather than due to the AGN. Therefore we do not to explicitly exclude AGN from our analysis, unlike other authors (Bell 2003; Iglesias-Páramo et al. 2006 ; Buat et al. 2007 ), but rather flag them as such. Visual examination of BLAST IDs in UV, optical and MIR images (see Appendix A) is used to derive a broad morphological classification of these objects: at low redshift we find predominantly spirals, whereas most of the BLAST sources identified at high redshift are compact and show AGN signatures. This is probably a selection bias, as the fraction of submm sources identified at other wavelengths gradually decreases with z (see D09), and the farthest objects can often be identified only if they are particularly bright in the radio or in the optical, frequently an indication of AGN presence. As a matter of fact, the analysis carried out by Dunlop et al. (2010) shows that a deep survey at 250 µm not only contains low-z spirals, but also extreme dust-enshrouded starburst galaxies at z ∼ 2. Our analysis tends to miss the latter because they are typically extremely faint in the optical/UV, unless they also host an AGN.
Finally, stellar masses (M ⋆ ) are estimated using the method detailed in Dye (2008) , in order to study whether or not specific star-formation rates (SSFR ≡ SFR/M ⋆ ) depend on stellar mass and L FIR . The SSFR plays an important role as it measures the time scale of recent star formation in a galaxy, as compared to the star-formation rate integrated over the galaxy's history. Several studies (Santini et al. 2009; Rodighiero et al. 2010 , and references therein) report that the SSFR increases with redshift at all masses, whereas the dependence of SSFR on mass is one of the most debated questions. In particular, we aim to understand whether or not sources selected at wavelengths longward of 200 µm are experiencing a major episode of star formation, forming stars more actively than in their recent past and building up a substantial fraction of their final stellar mass. We highlight a dichotomy in the BLAST population: sources at z 1 appear to be run-of-the-mill star-forming galaxies with intermediate stellar masses (median M ⋆ ∼ 7 × 10 10 M ⊙ ) and approximately constant SSFRs, whereas the high-z tail of the BLAST counterparts significantly encroaches on the SCUBA population detected in the SHADES survey , in terms of both stellar masses and SSFRs. This is expected since there is good overlap between fainter BLAST sources and 870 µm-selected galaxies Chapin et al. 2010 ), but it is also important to establish an additional link with a shallower BLAST sample, using a methodology equivalent to that of SHADES. In addition, since the more massive BLAST galaxies at intermediate redshifts (0 < z < 1) seem to form stars more vividly than the equally massive and aged 24 µm sources detected in the GOODS survey, we suggest that the BLAST counterparts may act as linking population between the 24 µm-selected sources and the SCUBA starbursts.
The layout of this paper is as follows. In Section 2 we describe in detail the maps, images and catalogs used throughout this paper. Section 3 and Section 4 are concerned with luminosities and star-formation rates in the FIR and UV, respectively. In Section 5 we build a unified estimator of total star formation and discuss the first results. In Section 6 we estimate the AGN content of our sample, while in Section 7 we outline a broad morphological scheme for our sources. In Section 8 we compute the stellar masses and present the main results. Section 9 contains our conclusions. Throughout this paper we assume the standard concordance cosmology: Ω M = 0.274, Ω Λ = 0.726, H 0 = 70.5 km s −1 Mpc −1 (Hinshaw et al. 2009 ).
Data
This Section describes the data sets used for our analysis, spanning from the UV to the submillimeter.
Submillimeter data
We use data from the wide-area extragalactic survey of BLAST described by Devlin et al. (2009) , and centered on the Great Observatory Origins Deep Survey-South (GOODS-S, Dickinson et al. 2003 , which in turn is centered on the Chandra Deep-Field South, CDFS) region. The maps cover an area of 8.7 deg 2 with a 1σ depth of 36, 31 and 20 mJy at 250, 350, and 500 µm, respectively. We refer to this region as the BLAST GOODS South Wide (BGS-Wide). A smaller region of 0.8 deg 2 (BGSDeep) nested inside BGS-Wide has a 1σ depth of 11, 9 and 6 mJy at 250, 350, and 500 µm, respectively. These depths account for the instrumental noise only, and do not include confusion. Marsden et al. (2009) estimate that fluctuations arising from unresolved sources are a factor two larger than instrumental noise at 500 µm, in BGS-Deep. Catalogs of sources detected at each wavelength in BGS-Deep and BGS-Wide are presented by Devlin et al. (2009) .
D09 combine these single-wavelength catalogs by selecting sources with a ≥ 5σ (instrumental only, no confusion noise) significance in at least one of the bands. They use this multi-band catalog to identify counterparts (BLAST primary IDs) in deep radio (ACTA and VLA, Norris et al. 2006; Miller et al. 2008) and 24 µm (SWIRE and FIDEL, Lonsdale et al. 2004; Dickinson & FIDEL team 2007; Magnelli et al. 2009) surveys. The BLAST primary IDs all have ≤ 5% probability of being a chance alignment. They also compile a list of secondary IDs, with different counterparts associated to the same BLAST source as the primary ID, but with larger probability of being a chance alignment.
In this work we present an extended version of the D09 catalog of BLAST primary IDs which contains 227 BLAST sources. In the following sections we update this list to include UV data, recent redshifts, corrections for submm flux boosting and blending, morphology, AGN features, and star-formation rates (see Appendix B for data tables). The list of secondary IDs is extensively discussed in E09 and we do not investigate them further.
We emphasize again that the sample studied in this work comprises the subset of BLAST-selected bright sources for which optical spectroscopy/photometry is available, and/or for which we find a clear counterpart in the UV. Naturally, this is only a fraction of sources that would be in a purely BLAST-selected catalog, skewed towards lower redshifts and strong optical/UV fluxes.
Optical spectroscopy
A spectroscopic follow-up of the BLAST IDs was carried out with the AAOmega optical spectrograph at the Anglo-Australian Telescope. The BLAST spectroscopic redshift survey is discussed in E09, as well as the reduction of the spectral data; here we extend their analysis and results (see Sections 6, 7 and Tables 2, B1) .
AAOmega (AAO, Sharp et al. 2006 ) consists of 392, 2 ′′ -wide fibers feeding light from targets within a 2
• fieldof-view; the configuration of diffraction gratings was chosen to yield a wavelength coverage from 370 to 880 nm, with spectral resolution λ/δλ ≃ 1300. At redshifts lower than 1, this allows us to detect two or more of the following lines: [OII] We have produced two prioritized lists of targets. The first list comprises ≥ 3.5σ BLAST sources with primary radio or 24 µm counterparts 1 . Sources selected at 24 µm are also included in the target list to use all the available fibers. The second list contains the secondary BLAST IDs, plus 24 µm sources.
The net observing time for the list of primary targets was 7 hr, obtaining spectra for 669 sources (316 BLAST IDs, and 356 SWIRE sources). The list of secondary targets was observed for only 1 hr (due to poor weather), obtaining 335 spectra (77 BLAST IDs, and 258 SWIRE sources). Spectroscopic redshifts were consequently obtained by E09 for 212 BLAST IDs in the primary list, 193 of which have ≥ 75% confidence level (c.l.), and for 11 BLAST IDs in the secondary list (all with ≥ 75% c.l.).
It is important to clarify here that the two lists used for the AAO observations are not fully coincident with the D09 list discussed in the previous section and used in this work. However, a large overlap among sources in these lists is present and 82 sources from the D09 catalog of BLAST IDs have AAO redshifts, all with ≥ 95% c.l. (see Table B1 ).
Using the available spectra we estimate Hα Equivalent Widths (EWs) and [NII]/Hα line ratios for 56 of these 82 sources. The remaining 26 sources either are at too high redshift for the Hα line to fall in our spectral coverage (z 0.33), or have spectra with poor signal-tonoise ratio. We calculate the uncertainties on the EWs as quadrature sum of the measurement error, estimated with a bootstrapping technique applied to the individual spectra, and the Poisson noise, estimated following Vollmann & Eversberg (2006, Equation 7 ).
We list the rest-frame EWs, EW rf = EW/(1 + z), in Table B1 , along with their uncertainties and the [NII]/Hα line ratios. Note that we have applied a 1Å correction to the Hα EW rf for underlying stellar absorption Balogh et al. 2004 ).
UV data
We identify near-UV (NUV) and far-UV (FUV) counterparts to BLAST IDs by searching for GALEX sources in the Deep Imaging Survey (DIS, Martin et al. 2005 , data release GR-4/5) within 6 ′′ of the radio or 24 µm counterpart 2 , a separation just slightly larger than the GALEX PSF FWHM ). This choice is justified by the presence of a few extended objects, unresolved by the submillimetric beam, that contribute to the same BLAST source (see Section 7). After visual inspection of the UV images, we have added one additional interacting system extending beyond 6
′′ from the BLAST ID (#2); in this case we integrate the UV magnitude from both the interacting objects, because they fall within the same BLAST beam. We estimate FUV and NUV magnitudes using the standard GALEX pipeline ) for most IDs, whereas we perform aperture photometry on 13 extended objects. A magnitude is considered to be unreliable if the source is either confused or blended with a star.
We find that 144 BLAST IDs have a NUV counterpart (136 with reliable magnitude), and 113 have a FUV counterpart (107 with reliable magnitude). Three sources are outside the area covered by the DIS, and the remaining 80 BLAST IDs have no obvious counterpart. By comparing the flux estimates for objects detected in more than one GALEX tile (pointing), we find that the average uncertainty associated with the reproducibility of the measurement is 0.06 and 0.11 mag in NUV and FUV, respectively. For bright galaxies, these values are larger than the uncertainty in the calibration (0.03 and 0.05 mag in the NUV and FUV, respectively; Morrissey et al. 2007) , and in the source extraction procedure (≤ 0.02 mag). The uncertainty on a quoted UV magnitude is therefore the sum in quadrature of these three terms, and it lies in the 1σ range of 0.07-0.25 mag and 0.12-0.5 mag in NUV and FUV, respectively.
GALEX postage-stamp images, 2 ′ × 2 ′ wide, are used to study the UV-morphology of the BLAST IDs; a selection 3 of these is shown in Figure A1 . UV magnitudes and uncertainties are listed in Table B2 .
SWIRE 70 and 160 µm MIPS maps
We use 70 and 160 µm fluxes extracted from SWIRE maps (Lonsdale et al. 2004 ) at positions [α BLAST , δ BLAST ] to constrain the SED of each BLAST source at wavelengths shorter than the emission peak (see Section 3.2). These maps overlap almost completely with BGS-Wide, and all the ≥ 5σ BLAST sources investigated in this work lie within them. The 1σ depth of the maps is 3.6 and 20.8 mJy at 70 and 160 µm, respectively.
MIR/NIR/optical images and catalogs
In addition to the aforementioned UV GALEX images, we investigate BLAST source morphology using optical and IR images. The latter are 3.6, 4.5, 5.8, and 8 µm IRAC (Fazio et al. 2004) images from the SWIRE survey. In the optical, we examine (U g r)-band images, acquired with the 4m Cerro Tololo Inter-American Observatory (CTIO) as part of the SWIRE survey, and R-band images from the COMBO-17 survey (Wolf et al. 2004 (Wolf et al. , 2008 . In Figure A1 we show 2 ′ × 2 ′ cut-outs for a selection 3 of BLAST IDs.
For the purpose of studying the morphology, AGN fraction and stellar mass, we have also matched, using a search radius of 3 ′′ as in D09, the catalog of BLAST IDs to the following catalogs:
1. the SWIRE band-merged catalog consisting of optical (U g r i z) and MIR IRAC fluxes 4 ; 2. the 17 band COMBO-17 optical catalog (Wolf et al. 2004 (Wolf et al. , 2008 ; 3. the Multi-wavelength Survey by Yale-Chile (MUSYC; Gawiser et al. 2006 ) catalog for NIR photometry (J-and K-band).
As a result of this analysis, out of 227 BLAST IDs:
• 205 (90%) have an IRAC counterpart from the SWIRE survey;
• 114 (50%) have an optical , and either a NIR (MUSYC) or MIR (3.6 or 4.5 µm, IRAC) counterpart 5 ;
• 102 of the above 114 are detected in a minimum of 5 bands (optical, NIR and MIR);
• 52 of the above 102 have J-and K-band photometry from MUSYC.
We use the wealth of ancillary information for a variety of purposes: we refer to Sections 6, 7 and 8 for discussions on AGN fraction, morphology and stellar masses.
Redshifts
In addition to the 82 spectroscopic redshifts obtained with AAO for the BLAST primary IDs, we have found 5 additional spectroscopic redshifts by exploring the NASA/IPAC Extragalactic Database (NED) with a 1 ′′ search radius around each ID. For the other sources, we use photometric redshifts from the MUSYC-EAZY (Taylor et al. 2009 ), COMBO-17 (Wolf et al. 2004 (Wolf et al. , 2008 , only sources with R ≤ 24) and Rowan-Robinson et al. (2008, RR08) catalogs, using again a 1 ′′ search radius. We carefully inspect each individual alignment by taking into account the imaging data in Figure A1 , the UV photometry, the SED in the FIR/submm, and any additional information available from NED. In cases of BLAST IDs with more than one associated photometric redshift, priority is given in the order: EAZY, COMBO-17, and RR08. We have thereby acquired 53 additional photometric redshifts, of which 20 are from EAZY, 6 from COMBO-17 and 27 from RR08.
We have succeeded in assigning 140 redshifts out of 227 (∼ 62%) objects in our sample. The redshifts are listed in Table B1 , along with their provenance. Figure 1 shows the redshift distribution of the whole BLAST ID catalog, and of the UV subset used in Section 5 for discussion of the total star-formation rates. The number of sources with redshift is doubled with respect to the robust sample of D09
6 , but the median redshift is roughly halved. This apparent pronounced discrepancy, limited to the z 0.2 bin, amounts to 40 sources and is due to the combination of two selection effects. First, roughly 15 sources in D09 with z 0.2 (mostly from RR08) do not make it into the robust sample, mainly because the photometric redshift is intrinsically unreliable or, in a handful of cases, because the BLAST source has been spuriously identified with the counterpart. Second, 27 other sources with redshifts estimated in this work have no redshift in D09, because they have neither sky coverage from COMBO-17 nor from RR08; of these 27, 21 are from AAO, and 24 have z 0.25. Therefore the apparent excess of low-z sources with respect to D09 partly reflects the inclusion of the AAO spectroscopic redshifts (naturally skewed towards low-z) and partly lies in the intrinsic robustness in D09 of either the photometric redshift or the counterpart itself. It is worth noting here that this study misses a large fraction of the high-z BLAST sources that are known to constitute an important part of the BLAST population Marsden et al. 2009; Pascale et al. 2009 ). This is again due to the combination of two factors. First, ∼ 38% of the BLAST IDs presented in this paper do not have a redshift estimate; using information about the UV identification rate (similarly to D09), we can argue that more than half of the sources without a redshift estimate lie at z 0.7. In fact, 90 out of 99 (91%) sources at z ≤ 0.7 (and 96 out of 115, 83%, sources at z ≤ 1) have a GALEX counterpart; now, of the 87 sources with no redshift estimate, 57 (66%) do not have a GALEX counterpart. Under the assumption that the UV identification rate is a reasonable (if coarse) estimator of redshift, arguably more than half of the sources without a redshift estimate lie at z 0.7 and roughly half lie at z 1. Secondly, D09 starts with a catalog composed of bright, ≥ 5σ sources with flux densities ≥ 33 mJy at 250 µm, ≥ 27 mJy at 350 µm, and ≥ 19 mJy at 500 µm; Dunlop et al. (2010) and Chapin et al. (2010) clearly show the necessity of digging deeper into the BLAST maps, with the aid of the deepest available multiwavelength data, in order to identify the faintest, high-z BLAST galaxies. Of course, this is done at the expense of the size of the submm sample, which inevitably drops to a few tens of sources.
Nonetheless, the present study is still unique in terms of size of the sample, wavelength coverage, depth and quality of the ancillary data. Indeed, IRAS sources have been studied at many wavelengths (e.g. Della Valle et al. 2006; Mazzei et al. 2007 ), but with little knowledge of the details of the cold dust emission from which the FIR star-formation rate estimates come. Some improvements have been made with the SCUBA Local Universe and Galaxy Survey (SLUGS; Dunne et al. 2000; Vlahakis et al. 2005 ), but still with limited ability to estimate the bolometric FIR luminosity. The results in this paper probably will not be immediately replaced by deeper surveys undertaken by Herschel; in fact, even the much more sensitive observations carried out with SPIRE will have to face the lack of deeper ancillary data. This is especially true in the optical/NIR, where most of the z > 2 submm galaxies are much too faint to be detected by instruments like AAOmega, and in the radio, where the identification rate of the faintest z > 2 sources drops drastically, even when using the deepest available data (VLA).
FIR luminosities and SFRs

Deboosting the BLAST fluxes
The sources in the BLAST catalog used by D09 to identify counterparts in the radio and 24 µm were detected directly from the maps of BGS-Deep and BGSWide. While the details of the catalog are discussed there, it is useful to summarize here the procedure to clarify what are the potential biases.
First, a catalog of BLAST sources with detection significance higher than 3σ is made at each wavelength, independently. Each entry in the catalog is then positionally matched across the three bands, with the requirement of a 5σ detection in at least one band. The significance here is relative to instrumental noise, and does not include confusion noise. A new position is assigned to the source by averaging its positions in the original singlewavelength catalogs, with weights estimated by taking into account the beam sizes and the signal-to-noise ratios (SNRs) of the detections at each wavelength. This combined catalog is then used to identify counterparts in the radio and at 24 µm, and a new flux density is measured from the 70 to 500 µm maps at the accurate position of the counterpart.
The BLAST differential source counts fall very rapidly with flux density (approximately following dN/dS ∝ S −3 , Patanchon et al. 2009 ), thus Eddington bias as well as source confusion will cause the fluxes to be boosted. This effect has to be estimated to properly compute the FIR luminosity of each source. Coppin et al. (2005) have proposed a Bayesian approach that can be applied to estimate the most likely flux distribution when the noise properties of the detection and the underlying source distribution are known. Their method is derived under the assumption that the flux density comes from just one source, plus noise. This cannot be applied to BLAST sources because of blending: the measured flux density can either come from just one source, or more likely from several sources blended together by the beam, which then appear as one single source of larger flux density.
We have developed a different method to account for boosting of BLAST fluxes, which is entirely based on Monte Carlo simulations. We generate 100 noiseless sky maps using the BLAST measured count models ), and no clustering. Noise is added to each simulated map to a realistic level for the BGS-Deep and BGS-Wide regions. Sources are then retrieved with the same method used on the real maps ). Considering all the input components within a FWHM beam distance from each retrieved source, we stipulate that the input component with largest flux density is the actual counterpart 7 (ID). The source flux density is then remeasured at the position of the ID. Finally, we compare this flux density with that of the input source. By repeating this for each source detected in each simulation, we generate distributions of input/output SNR, where the relevant noise is the instrumental noise at the position of the ID. These simulations are similar to those used in Chapin et al. (2010) to study the effects of confusion for their deeper sample. Figure 2 shows the result of this analysis. In each bin we display the median of the distribution of input SNR (labeled SNR ID ) corresponding to the measured SNR. The error bars define the first and third interquartiles. To obtain the deboosted flux density likelihood, it suffices to multiply the y-axis by the corresponding instrumental noise. It is clear from this figure that sources in the BGSWide region are only moderately affected by boosting. The situation is substantially different for BGS-Deep, and the effect of boosting increases with wavelength, as expected, due to the telescope PSF becoming larger. At the longest BLAST wavelength, the fluxes are severely affected by boosting: a source detected even with a 10σ significance level has a deboosted flux only about half of what is measured directly from the map. By comparing the deboosted values for BGS-Wide at 250 and 350 µm, we notice that the longer wavelength appears to be slightly less biased. This arises from the fact that the two PSFs are not very different in size (36 and 42 ′′ , respectively), but the 250 µm PSF has larger sidelobes ).
SED fitting and FIR luminosities
In order to estimate the rest-frame FIR luminosity (L FIR ) of each BLAST source in our sample, we perform SED fitting using the MIPS flux densities (70 and 160 µm 7 We know that this assumption is always verified in BGS-Wide but less so in BGS-Deep, where, in 21% of the cases, the second brightest component contributes to more than 50% of the retrieved flux (see E09, Appendix B). . For a source with a measured SNR at a given wavelength, the points show the distribution of the SNR ID retrieved from simulations, binned in 1-SNR wide bins. Each point indicates the median value of the distribution in each bin, and the low and high error bars are the first and third interquartiles, respectively. The dashed line indicates where the points would lie in the absence of biases. The effects are mild in the wide region, where instrumental noise dominates, and get more severe in BGS-Deep, where confusion noise dominates, and source blending becomes more important. At the longest wavelength, the beam size blends fluxes from many adjacent sources, giving a strong bias. This is not a major problem for our analysis, which deals with sources identified at low, or moderate redshifts.
only) and the deboosted BLAST flux densities; the model template is a modified blackbody spectrum (with spectral index β = 1.5, Hildebrand 1983), with a power law ν −α replacing the Wien part of the spectrum, to account for the variability of dust-temperatures within a galaxy (we choose α = 2, Blain et al. 2003; Viero et al. 2010) . Pascale et al. (2009) have shown that the estimated FIR luminosities depend weakly on the choice of α, whereas the estimated dust temperatures are more sensitive to the template used. Since our analysis does not employ temperature measurements, the value of α we adopt is not critical. We also note here that the SED template chosen is the one that best performs in fitting the spectrum of two often-used IR-luminous local galaxies, Arp 220 and M82; by sampling their SEDs at the five observed wavelengths in question, the nominal FIR luminosities and dust temperatures are correctly retrieved (within uncertainties) not only at z ∼ 0, but also when their spectra are redshifted up to z = 2.
The way each BLAST flux density is deboosted depends on its SNR. If this is larger than 15, no correction is applied. If the measured flux density is smaller than twice the square root of the sum in quadrature of instrumental and confusion noise (as reported in Marsden et al. 2009 ), the detection is treated as an upper limit. In all other cases, the above deboosting distributions are used. For sources in BGS-Deep the deboosting likelihood distribution is well approximated by a Gaussian function, but this is less true in BGS-Wide (especially at low SNR). Therefore, we use the sampled distribution for sources in BGS-Wide, and a Gaussian approximation in BGS-Deep.
The portion of noise arising from confusion is highly correlated among bands. The Pearson coefficients of the correlation matrix are listed in Table 1 , and have been estimated from the (beam-convolved) BGS-Deep and BGSWide maps. As expected, the correlation effects are more important for sources in BGS-Deep, and we do take this into account in the SED fitting algorithm, whereas no correlations among bands are considered for sources in BGS-Wide. This turns out to be convenient, as in BGSDeep the distributions are Gaussian, and a correlation analysis is relatively straightforward. This would not be the case for the sources in BGS-Wide.
MIPS fluxes at 70 and 160 µm were also used in the fitting routine to constrain the SED at wavelengths shorter than the emission peak. Deboosting these bands is beyond the scope of this paper, and it is less necessary because the source counts are shallower than the BLAST ones (see Frayer et al. 2009; Béthermin et al. 2010) . The SED fitting procedure copes with the size of the photometric bands (color-correction), and the instrumental plus photometric uncertainties ). Correlations are properly taken into account via a Monte Carlo procedure. In Figure 3 we show the fitted FIR SED for three representative objects in our sample: a low-redshift spiral galaxy; a mid-redshift strong Hα emitter; and a highz quasar. The resulting FIR luminosities, listed in Table B2 , are the rest-frame SED integral between 8 and 1000 µm (Kennicutt 1998) .
In Figure 4 we compare our estimates of rest-frame FIR luminosity with those obtained using only MIR flux densities, to investigate the level of uncertainty when data are not available in the submm. Following the prescription of Dale & Helou (2002) , we calculate the FIR luminosities using only MIPS flux densities (24, 70 and 160 µm) for a z ≤ 2 subset of 93 sources with 24 µm counterpart. There is considerable agreement up to L FIR 5 × 10 11 L ⊙ and z 0.5. At higher redshifts (and luminosities) we find a poorer concordance; the MIPS-only estimates tend to overestimate the FIR luminosity, by as much as a factor of two in some cases. Other authors Papovich et al. 2007; Kriek et al. 2008; Murphy et al. 2009; Muzzin et al. 2010; Elbaz et al. 2010; ) find similar trends; this is expected as the MIPS bands sample the SED peak progressively less and less as redshift increases, thus pulling the SED toward shorter wavelengths, and resulting in a higher L FIR . This emphasizes how essential the BLAST and SPIRE wavebands are to constrain the IR emission peak of star-forming galaxies at high redshift (see also e.g. Schulz et al. 2010; Elbaz et al. 2010 ).
FIR Star-Formation Rates
The FIR luminosities are a sensitive tracer of the young stellar population and, under some reasonable assumption, can be directly associated to the StarFormation Rates (SFRs). This is particularly true for dusty starburst galaxies, because the optically thick dust surrounding star forming regions is very effective in absorbing the UV photons emitted by young, massive stars and converting this energy into IR emission.
Under the assumption that the above is the only physical process heating up the dust, Kennicutt (1998) has derived the following relation between SFR and bolometric On the x-axis we used the prescription of Dale & Helou (2002, Equation 4 ) based on 24, 70 and 160 µm MIPS fluxes; the error bars are set to 4%, which represents the mean discrepancy between their prescription and their model bolometric IR luminosities. On the y-axis we used the FIR luminosity estimates and uncertainties described in Section 3.2. Sources lying in the BGS-Wide region are in black and sources in BGS-Deep are in gray. Symbol sizes increase with redshift as shown in the legend. The secondary axes are both calculated using Equation 1. The dashed line shows y = x, for reference.
FIR luminosity:
(1)
Our sample includes sources with a wide range of FIR luminosities. On one end, the FIR energy output is similar to the one found in Luminous IR galaxies (LIRGs, L FIR > 10 11 L ⊙ ), and Ultra Luminous IR galaxies (ULIRGs, L FIR > 10 12 L ⊙ ). In this type of source, AGN can play an important role in heating up the dust, resulting in a bias in the SFR calculation (an effect discussed further in Section 6). At lower FIR luminosities, we have strong additional evidence indicating that most of the galaxies sampled by BLAST are actively star-forming. This is shown in Figure 5 : available Hα rest-frame Equivalent Widths (EW rf ) are plotted against FIR luminosity for 56 sources at z 0.33 (see Section 2.2). The horizontal dashed line at 4Å separates galaxies with ongoing star formation from quiescent ones (Balogh et al. 2004 ). All sources but one have Hα signature of ongoing star formation. It is highly unlikely that, despite the poor statistics of this plot, we could be missing a population of quiescent objects with L FIR 10 10 L ⊙ , whose FIR emission is due to a different physical process than the one described above.
Nonetheless, as the FIR luminosity decreases, our sources approach more normal star forming galaxies. In this type of source a non-negligible contribution to dust heating comes from older stellar populations, which would bias the SFR estimate high (Bell 2003; Hirashita et al. 2003; Iglesias-Páramo et al. 2004 . The reduced optical depth of dust also needs to be taken into account or it would result in a lower estimate of SFRs (Inoue 2002) . Both these effects are considered in the following discussion (Section 5) on the total SFR in our sample.
UV luminosities and SFRs
UV fluxes and rest-frame luminosities
The amount of unobscured star formation ongoing in each galaxy of our sample can be estimated in the UV for the BLAST IDs with a GALEX counterpart.
The (AB) UV magnitudes are corrected for extinction A λ due to dust in our Galaxy, and converted into observed flux densities S ν obs . Rest-frame UV luminosities are calculated as:
where D L (z) is the luminosity distance. The extinction coefficients used in the analysis are estimated following the prescription of Wyder et al. (2007) , and the color excesses E(B − V ) as measured from DIRBE/IRAS dust maps (Schlegel et al. 1998 ) are listed in Table B2 . Note that we applied a 1Å correction to the Hα EW rf for underlying stellar absorption . Sources lying in the BGS-Wide region are in black, sources in BGS-Deep are in gray. We also encode here the morphological information discussed in Section 7: spiral galaxies are indicated with empty diamonds; compact objects with empty squares; ellipticals with triangles; interacting systems with crosses; Seyfert galaxies with filled diamonds; and objects without morphological classification with filled circles. The horizontal dashed line at 4Å separates galaxies with ongoing star formation from quiescent ones (Balogh et al. 2004) . Clearly all galaxies in our sample but one are compatible with being actively forming stars.
UV Star-Formation Rates
Star-formation rates in the UV are estimated following the approach of Iglesias-Páramo et al. (2006, and references therein) . These are related to rest-frame luminosities in the FUV and NUV by using a synthetic spectrum obtained with starburst99 8 (sb99; Leitherer et al. 1999 ) for a star-forming galaxy. In the wavelength range 1000-3000Å, the shape of the spectrum (shown in Figure 6 ) is very weakly dependent on the underlying stellar populations (e.g. Kennicutt 1998) , and has a λ −2 slope. Following Equations 3 and 4, the K-correction factor for the NUV, K NUV (z), is computed by averaging the synthetic spectrum over the broad GALEX filter profile, also shown (in arbitrary units), blueshifted for reference in the rest frame of the nearest and farthest object in our UV subsample. The same can be done for the FUV filter (not shown here).
NUV star-formation rates are estimated using the equation:
where L rf NUV is the rest-frame luminosity calculated from the observed near-UV magnitude using Equation 2. K NUV (z) is a redshift-dependent numerical factor which incorporates the K-correction, and is derived from sb99, integrating over the GALEX filter profile f NUV : A redshift limitation arises when the observed NUV and FUV sample the rest-frame Lyman continuum. This happens at z ∼ 0.36 in the FUV, and z ∼ 0.91 in the NUV. Hereafter we exclude sources beyond these redshift limits, as their inferred SFRs would be unreliable. In order to have a more uniform and sufficiently large sample, in what follows we only consider the NUV subset, which counts 89 sources (see Figure 1 for their redshift distribution). As anticipated, the UV luminosities/SFRs are not corrected for intrinsic dust extinction, and are combined in the next section with FIR luminosities to build an estimator of total SFR that is independent of extinction models.
Total SFR
We now have two separate estimators for the starformation rates in our galaxy sample, SFR dust and SFR NUV . Each of these is expected to have different biases and short-comings. One can clearly do better at estimating the SFR by combining the two estimators in some way. The best way to do this is not obvious though, since it depends on how each of the estimators was calibrated, on the assumptions that went into them, on the range of galaxy SEDs being studied, and on how these relate to local galaxies that were used for calibration, including radiative transfer effects and other complications. Because of this, we choose to follow a prescription to estimate the total SFR in a galaxy which has already been used by several authors (Bell 2003; Hirashita et al. 2003; Iglesias-Páramo et al. 2006; Buat et al. 2007) , so that we can at least compare our results to those of several related studies.
In order to estimate the total SFR (SFR tot ) in our sample, we combine the contribution from the obscured star formation with the unobscured star formation:
A correction factor (1−η) is applied to the dust contribution to account for the IR emission from older stellar populations. Following Bell (2003) and Iglesias-Páramo et al. (2006) , we use different values of η depending on whether the object in question is more likely to be a starburst (η ∼ 0.09 for L FIR ≥ 10 11 L ⊙ ) or a normal star-forming galaxy (η ∼ 0.32 for L FIR ≤ 10 11 L ⊙ ). As anticipated in Section 3.3, this method can account for both the contrasting effects that come into play when we try to estimate the total SFR budget for an inhomogeneous sample of objects. Namely, η parametrizes the contribution to dust heating from older stellar populations as a function of the integrated FIR luminosity, whereas the contribution from the UV luminosity guarantees that all the UV photons that manage to escape the galaxy, due to the reduced optical depth of the dust, are actually taken into account.
We briefly recall here that the main selection effects of our sample are, on the one hand, that the rest-frame L FIR increases steadily with redshift (see Figure 4 and D09), and on the other hand that the UV luminosity estimates are not reliable beyond z ∼ 0.9. Moreover, we stress the importance of the blending effects reported in Section 3.1, which may lead to misidentifications, particularly in BGS-Deep (sources in gray). The results of this analysis are shown in Figure 7 . In the top panel we plot the ratio of SFR NUV to (1 − η)SFR dust as a function of the FIR luminosity. With the exception of a few outliers 9 , there is a clear trend, namely the NUV contribution is more important at low-L FIR (low-z), whereas star formation is mainly obscured 9 In particular, ID#55 could be a misidentification because there is a secondary counterpart, see E09.
at L FIR 10 11 L ⊙ , z 0.5. The same effect is evident in the bottom panel, where we plot SFR tot as a function of redshift. The gray shaded area shows the 1σ confidence interval of a power-law fit SFR NUV ∝ z 1.6 . Most sources with SFR tot larger than a few M ⊙ yr −1 have negligible contribution from the UV. This is consistent with what Takeuchi et al. (2009) find in the local Universe for a FIR-selected sample: at SFR tot > 20 M ⊙ yr −1 , the fraction of directly visible SFR (SFR NUV ) decreases. A very similar trend is also observed at higher redshifts by Buat et al. (2008) , with a 24 µm-selected sample at 0 ≤ z ≤ 0.7 that closely resembles our sample at those redshifts, in terms of dynamic ranges and FIR-to-UV ratios.
Such a behavior in the individual BLAST IDs can be related to the greater evolution of the total FIR luminosity density with respect to the optical-UV one, as reported for instance by Pascale et al. (2009) . On the other hand, we stress that at L FIR 10 11 L ⊙ , z 0.25, FIR-only observations would lead to underestimates of the total SFR of at least a factor of 2.
By comparing our sample in Figure 7 with the IRAS/FIR-selected local sample of Iglesias-Páramo et al. (2006), we notice that the overlap is quite modest and limited to L FIR 10 10 L ⊙ , z 0.1 sources. We point out that this conclusion should not be diminished by considerations on the extent of the local volume sampled by the BLAST survey.
At the very high luminosity end, only two objects (one of which is flagged as quasar, see Section 6) with z ≤ 0.91 have a UV counterpart. We have thus investigated the 30 galaxies with L FIR ≥ 10 12 L ⊙ in the full set of BLAST IDs, finding that 16 are flagged as quasars, most of which are optically bright. At z > 1, the optical U and g bands probe the rest-frame UV, and we calculate that these objects would virtually populate the top-right corner of the upper panel of Figure 7 . However, the UV emission from quasars is strongly contaminated by the active nucleus, and cannot be directly associated with recent star formation. Of the remaining 14 ULIRGs with no AGN signatures, only 4 have optical magnitudes, and would occupy the bottom-right corner, indicating severe dust attenuation. We can therefore argue that, even if our subset of objects lacks the abundance of most luminous IR galaxies detected in the SHADES survey (see Coppin et al. 2008; Serjeant et al. 2008) , SCUBA-like sources will likely lie in the bottom-right corner and beyond, following the same trend of increasing dust attenuation at higher FIR luminosities. This is a first hint that our analysis begins to detect SCUBA galaxies, which are known to overlap considerably with the fainter BLAST galaxy population, following joint studies of LABOCA 870 µm and BLAST data Chapin et al. 2010 ). We will discuss this in more detail in Section 8.
The 24 µm-selected sample described by Le Floc'h et al. (2005) most resembles our z ≤ 0.9 sample in terms of L FIR -z parameter space, although our objects are in general more massive, as we will see in Section 8. This, in combination with Figure 5 , points to the conclusion that the BLAST counterparts detected in this survey at z 1 are mostly run-of-the-mill star-forming galaxies. Finally, given the steep number counts at the BLAST wavelengths ) and the smaller beam sizes of Herschel, we expect SPIRE to detect roughly a factor of 10 more sources than BLAST, probing fainter fluxes and therefore higher redshifts. Figure 7 suggest that SPIRE will likely fill the 10
12 L ⊙ region (see e.g. Chapin et al. 2010) , but probably will not be dominated by SCUBA-like sources.
AGN fraction and quasars
In this section we describe the AGN and quasar content of our sample, and we investigate whether the submm emission that we see with BLAST is mainly due to the host galaxy or to the active nucleus.
AGN are identified using spectroscopic and photometric methods, and the information is listed in Table B1 . Of the 82 sources in our sample with optical spectra, 56 have a measurement of the line ratio [NII]/Hα; 14 of these have [NII]/Hα 0.6 and we flag them as AGN (Kauffmann et al. 2003; Miller et al. 2003 , and references therein). Broad emission lines, such as CIII] 190.9 and CIV 154.9, which appear in the accessible waveband at z > 1, are used to identify 5 additional sources as quasars. A search on NED yields that 10 more sources in our sample are classified as AGN by other authors.
Active galaxies can also be identified using a number of photometric empirical methods. Quasars occupy a distinct region in the IRAC color space by virtue of their strong, red continua in the MIR . IRAC fluxes are available for 205 sources and we use the 3 color-color cut prescriptions of Hatziminaoglou et al. (2005) , Stern et al. (2005) and Marsden et al. (2009) . Optical magnitudes and postage stamp images are also available for 114 sources, along with radio fluxes for 107 sources from D09. A source is considered a quasar when it is compact 10 and satisfies the 3 aforementioned colorcolor cut prescriptions. If only 2 color-color cuts prescriptions are satisfied, we also require the source to be either radio-loud (L 1.4GHz 10 39 W), optically bright (L U /g 10 11 L ⊙ ), or one of the 10 NED AGN.
Using these empirical methods, we find 24 quasars plus 10 additional sources showing weaker yet significant quasar activity, when the above conditions are near the threshold. The 5 quasars identified spectroscopically are all contained in this photometric list. Of the 14 spectroscopically identified AGN, 10 are definitely not compact, but rather spiral in shape (see next Section on morphology), and mostly radio-quiet. We believe that these objects are Seyfert galaxies (e.g. Cid Fernandes et al. 2010 ).
In conclusion, we have assessed that about 15% of the galaxies in our sample show strong indication of having an active nucleus and an additional 6% have weaker yet significant evidence. Chapin et al. (2010) found a comparable proportion 11 of sources with excess radio and/or MIR that can be interpreted as an AGN signature. Several recent observations find close association of AGN activity and young star formation (Silverman et al. 2009 ), consistent with a scenario in which the FIR/submm emission is mainly due to star formation ongoing in the host galaxy, rather than to emission from a dusty torus obscuring the inner regions of the active nucleus Coppin et al. 2010; Muzzin et al. 2010; Hatziminaoglou et al. 2010; Shao et al. 2010; Elbaz et al. 2010 ). In addition, our AGN selection criteria, which use optical and MIR data, tend to favor type-1 AGN, i.e. unobscured Seyfert galaxies and quasars. This is definitely the case for the IRAC color-color selection methods, as reported by Hatziminaoglou et al. (2005) and Stern et al. (2005) , but it is also corroborated by the fact that most of the quasars we have identified are optically bright. We aim to address this issue in greater detail in a future paper.
Morphology
We have assigned a broad morphological classification to 137 (60%) of the BLAST IDs presented in this paper, based upon visual inspection of UV, optical and MIR postage stamp images (see Section 2.5) centered at [α BLAST , δ BLAST ]. A selection of cut-outs is shown in Figure A1 .
In addition to the visual examination of the multiwavelength images, we corroborated our choice with ancillary information (when available), such as: (a) location on the color-magnitude diagram, typically (U −r) vs M r ; (b) spectral features; (c) UV detection; (d) FIR luminosity. Our findings are listed in the "morphology" column in Table B1 and summarized in Table 2 .
At low redshift we find predominantly spirals, whereas most of the BLAST sources identified at high redshift are compact and show AGN signatures. This is probably a selection bias, as the fraction of submm sources identified at other wavelengths is known to gradually decreases with z (see D09), and the most distant sources are often identified only thanks to their extreme radio and/or optical emission, due to the AGN. In fact, the study by Dunlop et al. (2010) shows that a deep survey Note.-Morphological classification available for 137 out of 227 BLAST IDs (60%), based upon visual inspection of UV, optical and mid-IR (MIR) postage stamp images (see Section 2.5). By "compact" here we mean objects unresolved in the optical and MIR, with linear sizes 3 kpc. By "interacting system" we mean a visually obvious physical association of two or more objects.
at 250 µm not only reveals low-z spirals, but also extreme dust-enshrouded starburst galaxies at z ∼ 2. The latter tend to be missed in our selection, because they are typically extremely faint in the optical/UV, unless they also host an AGN.
We point out here that this broad morphological scheme should not be regarded as meaningful on a sourceby-source basis, but rather be considered as guidance for interpreting the other results of this paper. For this purpose, we encoded the morphological information in Figures 5, 7, 8, 9 and 10.
Stellar masses
Stellar masses (M ⋆ ) are computed by Dye et al. (2010b) for a subset of 92 sources in our sample with counterparts in a minimum of 5 bands, from the optical to NIR. The distribution has median of 10 10.9 M ⊙ , and inter-quartile range of 10 10.6 -10 11.2 M ⊙ .
These stellar masses are plotted vs. redshift in Figure 8 ; we also show for comparison the stellar masses of SCUBA sources in SHADES, computed by Dye et al. (2008) using a methodology and photometry almost identical to ours.
Except for 3 outliers (that may well be misidentifications as they all lie in BGS-Deep), the monotonic trend of increasing stellar masses is the result of multiple selection effects; sources at a given redshift are not detected with arbitrarily low, or arbitrarily high stellar masses. As Fig. 8. -Stellar mass as a function of redshift for the whole subset of 92 sources described in Section 8. Symbols are as in Figure 5 . Filled squares indicate that the source is a quasar. We overplot SHADES sources as light gray filled circles.
we discuss later in this section, there is an approximately constant relation between L FIR and stellar masses in our sample. Low-luminosity sources (with low stellar masses) are excluded at a given redshift because of sensitivity. On the other hand, sources with L FIR (and stellar masses) above a certain threshold are excluded from our sample despite the well-documented strongly evolving FIR luminosity function (E09; Dye et al. 2010a; Eales et al. 2010 ); our present study simply does not go deep enough to start detecting the bulk of high-z (and higher volume density) k-corrected sources. In particular, sources with M ⋆ 10 12 M ⊙ , which are present in the SHADES sample, are absent from ours. Indeed, these very massive sources are not detected among 24 µm-selected samples, down to a flux density level of ∼20 µJy (GOODS survey, see e.g. Le Floc'h et al. 2005; Pérez-González et al. 2005; Caputi et al. 2006; Elbaz et al. 2007; Santini et al. 2009) 12 . The 24 µm catalog used by D09 to find counterparts to the BLAST sources goes down to the same depth, therefore we are only left with the radio catalogs. It is indeed possible that our analysis is missing very massive galaxies that, though having a radio ID, do not have an estimate of stellar mass because measurements are not available in a minimum of 5 optical/NIR bands. An accurate account of the selection effects at work for M ⋆ 10 12 M ⊙ , which is beyond the scope of this work, would not invalidate the results of the rest of this paper.
Our subsample is composed of relatively massive objects, with a significant fraction of sources (45%) with stellar masses greater than 10 11 M ⊙ . This fraction soars to 84% in the SHADES survey, whereas the majority of sources detected at 24 µm in deep surveys of the CDFS (down to a flux density level of ∼20 µJy) have M ⋆ ≤ 10 11 M ⊙ (e.g. Le Floc'h et al. 2005; Pérez-González et al. 2005; Caputi et al. 2006; Elbaz et al. 2007; Santini et al. 2009 ). However, a direct comparison of the detection rates of massive galaxies among these surveys is very difficult because of the dissimilar comoving volumes probed; in fact, BLAST samples a volume roughly 14 (57) times larger than SHADES (GOODS)
13 . Furthermore, it would be necessary to quantify the numerous selection effects and the different shape of the stellar mass function at the wavelengths in question. 
compute stellar masses by modeling the stellar populations of each galaxy using stellar absorption-line indices. 13 Based on the following redshift depth and sky area covered by, respectively, the GOODS survey, the SHADES survey and the present BLAST study: ∼ 140 arcmin 2 out to z ∼ 3; ∼ 320 arcmin 2 out to z ∼ 5; and ∼ 4.15 deg 2 out to z ∼ 2.
Nevertheless, BLAST observes a significant number of large, massive and actively star-forming galaxies (typically spirals, see Section 7), which qualitatively appear to link the 24 µm and SCUBA populations at 0 < z < 2. With the deep 24 µm GOODS survey, other authors seem to be already detecting this linking population (in particular Caputi et al. 2006 and Elbaz et al. 2007 ), but their most massive sources at 0 < z < 1 all have long (≥ 4 Gyr) star-formation time scales (defined as the ratio of already assembled stellar mass over the recent SFR, see later in this section), indicating prolonged star formation histories. On the contrary, about 60% of our galaxies in the same M ⋆ -z range have star-formation time scales shorter than 4 Gyr, consistent with the findings that submmselected M ⋆ 10 11 M ⊙ systems at z ≥ 0.5 form their stellar mass predominantly at late and at early times, but less so when the galaxies are middle-aged (Dye et al. 2010b . These figures indicate that the moderately massive population detected at 0 < z < 1 by BLAST is more actively forming stars than the equally massive 24 µm-selected galaxies in the same redshift range. One might wonder whether this observation arises just as a consequence of a selection effect in the shallower BLAST sample; although our data do not allow us to investigate the stellar masses of fainter BLAST galaxies, a thorough examination of the M ⋆ distribution at 0 < z < 1 in the GOODS survey (e.g. Fig. 7 of Caputi et al. 2006) does not suggest that the exclusion of the fainter 24 µm sources (below e.g. 83 µJy, the 80% completeness limit in the CDFS) would dramatically alter the proportions of galaxies with stellar mass above and below 10 11 M ⊙ . It is certainly possible that a cut at a brighter 24 µm flux density would bias high the detection rate of massive galaxies; however, the massive BLAST galaxies at z ≤ 1 have a median SFR of ∼ 70 M ⊙ yr −1 that equals the maximum SFR among the likewise massive and aged galaxies in GOODS. This would still be true if the 24 µm sample were shallower.
Moreover, Figure 8 exhibits, in the range 1 < z < 2, a substantial overlap between BLAST and SCUBA sources. Therefore, assuming that the BGS is a representative field, our data suggest that the BLAST galaxies seem to connect the 24 µm and SCUBA populations, in terms of both stellar mass and star-formation activity. Figures 9 and 10 further corroborate this conclusion. It is worth reminding the reader that the M ⋆ estimates are based on the optical/NIR fluxes of BLAST IDs and do not employ any BLAST-specific photometric data. Figure 9 plots stellar masses (top panel) and SSFR tot (bottom panel) vs. L FIR for the subset of 55 sources at z ≤ 0.9 that have an estimate of both these quantities. There are 37 additional sources in our catalog with L FIR 10 11 L ⊙ and stellar mass estimates, but no reliable SFR NUV . These are included in Figure 9 , because in this case SFR tot ≃ (1 − η) SFR dust (see .-Top panel: stellar mass as a function of FIR luminosity for the whole subset of 92 sources described in Section 8. Bottom panel: specific total SFR (SSFR tot ) as a function of FIR luminosity for the subset of 55 sources at z ≤ 0.9 that have an estimate of SFR tot . Symbols are as in Figure 5 . For the remaining 37 sources, we assume SFR tot = (1 − η) SFR dust as they all have L FIR 10 11 L ⊙ ; these are shown as crosses without error bars. The right-hand ordinate shows the corresponding star-formation time scales, defined as τ SF = SSFR −1 . Filled squares indicate that the source is a quasar. The horizontal dashed line shows the inverse of the age of the Universe. We overplot in both panels SHADES sources ) as light gray filled circles. tion 5). SHADES sources are also shown in this figure. Dye (2010) estimates their FIR luminosities using a twocomponent SED fit from Dunne & Eales (2001) that has cold/hot ratio of 186, with T hot = 44 K and T cold = 20 K. SFRs are estimated using Equation 1 and corrected by (1 − η). Finally, star-formation time scales, defined as τ SF = SSFR −1 , are shown as secondary y-axis.
BLAST IDs selected in BGS-Wide show a positive correlation between their stellar masses and L FIR , but there is no strong evidence for a correlation between SSFR tot and FIR luminosities. Although BLAST IDs selected in BGS-Deep appear to have different trends, one should be cautious as the they are, in general, less reliable than the IDs in BGS-Wide. However, BGSDeep sources can be used to study bulk properties under appropriate caveats. The emerging picture appears to confirm Figure 8 , in which there is a non-negligible overlap between the BLAST and SCUBA populations in the range 1 < z < 2. In particular, the high luminosity tail of the BLAST sample appears to encroach on the SHADES sources in terms of both L FIR and M ⋆ , bridging the gap with the lower-redshift Universe populated by 24 µm sources and by run-of-themill star-forming BLAST galaxies, with τ SF spanning the interval 1-10 Gyr. A considerable overlap between fainter BLAST sources and 870 µm-selected galaxies has already been established by Dunlop et al. (2010) and Chapin et al. (2010) , but it is important to have confirmed an additional, less direct, connection with our shallower BLAST sample, by means of a comparable analysis to that of SHADES.
We have investigated if a temporal connection between the two populations is allowed by the data, in a scenario where the BLAST sources are SCUBA sources fading at the end of their late star-formation burst Dye et al. 2008 ). However, Dye et al. (2010b) seem to rule out this possibility, because the higher-z, more massive BLAST IDs are observed during a starformation burst lasting too briefly in redshift to allow this connection. This disconnection is consistent with the phenomenon of downsizing observed in optically-selected samples of galaxies (e.g. Heavens et al. 2004) .
The approximately flat trend between SSFR tot with FIR luminosity of Figure 9 evidenced by the BLAST IDs selected in BGS-Wide is consistent with Serjeant et al. (2008) . The inclusion of BGS-Deep sources at high FIR luminosities seems to suggest a different, mild trend of increasing SSFR tot , also reported by Santini et al. (2009) and Rodighiero et al. (2010) . The data available to us do not manifest enough evidence to support either scenario. Larger samples now accessible with Herschel will shed more light on the evolution of the specific star-formation rate.
In Figure 10 , we plot SSFR tot vs. stellar mass, for For the remaining 37 sources, we assume SFR tot = (1−η) SFR dust as they all have L FIR 10 11 L ⊙ ; these are shown as crosses without error bars. The right-hand ordinate shows the corresponding star-formation time scales, defined as τ SF = SSFR −1 . Dotted isolines correspond to constant SFRs, under the assumption that M ⋆ is the galaxy's total stellar mass. The horizontal dashed line shows the inverse of the age of the Universe. We overplot SHADES sources as light gray filled circles.
BLAST and SHADES sources. The dotted isolines correspond to constant SFRs, under the assumption that M ⋆ is the galaxy's total stellar mass. We do not find any clear correlation between specific total star-formation rate and stellar mass, which is not surprising as we are sampling a population of young, active, star-forming galaxies (see also Santini et al. 2009 ). Expectedly, the bulk of SHADES sources occupies a well-defined region of the plane, around the isoline of SFR = 1000 M ⊙ yr −1 , whereas practically all the BLAST counterparts at z ≤ 0.9 lie below the isoline of SFR = 100 M ⊙ yr −1 . The gap is again filled by the BLAST IDs at higher redshift.
We can compare our results in Figure 10 with Buat et al. (2008) , who derived mean relationships between observed SSFR and stellar mass at z = 0 and z = 0.7, and confronted these with models based on a progressive infall of gas into the galactic disk, starting at high z. Both their data and models exhibit a flat distribution of SSFR for galaxies with masses between 10 10 and 10 11 M ⊙ . Our z ≤ 0.9 subset of star forming galaxies shares a similar behavior, as well as the dynamic ranges. On the other hand, we can also compare the high-z tail of the BLAST IDs with the z > 0.85 sample of Rodighiero et al. (2010) : although the scatter is quite large in both subsets, we observe the same negative trend of SSFR with M ⋆ , again consistent with downsizing.
The in-depth analysis of the bright BLAST counterparts reveals a population with an intrinsic dichotomy in terms of star-formation rate, stellar mass and morphology. The bulk of BLAST counterparts at z 1 appear to be run-of-the-mill star-forming spiral galaxies, with intermediate stellar masses (median M ⋆ ∼ 7 × 10 10 M ⊙ ) and approximately constant specific star-formation rates (τ SF in the range 1-10 Gyr); in addition, they form stars more actively than the equally massive and aged 24 µm sources. On the other hand, the high-z BLAST counterparts significantly overlap with the SCUBA population, and the observed trends of SSFR, albeit inconclusive, suggest stronger evolution and downsizing. In conclusion, our study suggests that the BLAST galaxies may act as linking population between the star-forming 24 µm sources and the more extreme SCUBA starbursts.
Concluding remarks
We have carried out a panchromatic study of individual bright BLAST galaxies identified at other wavelengths, extending the analysis of previous BLAST papers. Our basic results are as follows.
1. The flux densities of BLAST sources are boosted due to a combination of Eddington bias, source confusion and blending. We have developed a Monte Carlo method to quantify these biases, both in confusion-limited maps and in maps dominated by instrumental noise. The boosting effects are more pronounced in the confusion-limited regime, and become more important as the wavelength increases. In addition, flux densities are heavily correlated among the BLAST bands, again more prominently in BGS-Deep. We account for all these effects coherently while calculating the FIR luminosities of BLAST galaxies. We have also shown how crucial the BLAST/SPIRE photometry is to estimate without bias the FIR luminosity of a galaxy, especially at high redshift. 2. We have measured that star formation is predominantly obscured at L FIR 10 11 L ⊙ , z 0.5. On the other hand, unobscured star formation is important at L FIR 10 11 L ⊙ , z 0.25 and FIR-only evaluations of SFR would lead to underestimates up to a factor of 2. This is probably a direct consequence of the well documented stronger evolution of the FIR luminosity density with respect to the optical-UV one. 3. We have compared, in terms of L FIR -z parameter space, the BLAST counterparts to the IRAS/FIRselected sample of local galaxies, to the 24 µm-selected sample observed by Spitzer, and to the SCUBA 850 µm-selected sample. The overlap with the local IRAS sample is minimal and this conclusion should not be belittled by the extent of local volume surveyed by BLAST. Similarly, our sample lacks the abundance of most luminous IR galaxies detected in the SHADES survey, but the high-L FIR , high-z tail of the BLAST counterparts seems to overlap with the SCUBA population. The 24 µm-selected sample resembles the most the bulk of BLAST IDs in terms of L FIR and redshift distribution. 4. We have assessed that 15% of the galaxies in our sample show strong indication of an active nucleus and an additional 6% have weaker yet significant evidence. In particular, these are predominantly type-1 AGN, i.e. unobscured Seyfert galaxies and quasars. The AGN fraction and the SFRs inferred for these objects are comparable to recent observations at similar wavelengths and point to a scenario in which the submillimeter emission detected by BLAST is mainly due to star formation ongoing in the host galaxy, rather than to emission from a dusty torus obscuring the inner regions of the active nucleus. 5. We have computed stellar masses for a subset of 92 BLAST counterparts. These appear to be relatively massive objects, with median mass of 10 10.9 M ⊙ , and inter-quartile range of 10 10.6 -10 11.2 M ⊙ . In particular, a significant fraction of them fill the region of M ⋆ ∼ 10 11 M ⊙ at z 1 that is practically vacant in the SCUBA surveys, and sparsely populated by 24 µm-selected samples. Although the dissimilar volumes sampled by these surveys discourage a direct comparison of the detection rates of massive galaxies, our study suggest that the BLAST counterparts seem to link the 24 µm and SCUBA populations, in terms of both stellar mass and star-formation activity. 6. We have highlighted a dichotomy in the BLAST population in terms of star-formation rate, stellar mass and morphology. The bulk of BLAST counterparts at z 1 are run-of-the-mill starforming galaxies, typically spiral in shape, with intermediate stellar masses and nearly constant specific star-formation rates. On the other hand, the higher redshift BLAST counterparts significantly overlap with the SCUBA population, and the observed trends of SSFR, albeit inconclusive, suggest stronger evolution. Other BLAST studies have already described the significant overlap existing between fainter BLAST sources and 870 µm-selected galaxies, but here we have established an additional link with a shallower BLAST sample, via an analysis equivalent to that of SHADES. 7. We rule out a temporal connection between the BLAST and SCUBA populations, in a scenario where BLAST sources would correspond to SCUBA galaxies whose burst of star formation is ceasing. This disconnection is consistent with the downsizing observed in optical samples.
The findings described in this paper represent a taste of what should be possible with a significantly larger sample of sources. The increased sensitivity and resolution of the Herschel Space Observatory, which recently started operation, will soon provide vastly increased numbers of sources. This will enable significantly reduced uncertainties and therefore much improved constraints on models of galaxy evolution and formation. Nevertheless, the BLAST data have provided a very valuable benchmark for the Herschel data and the various analyses that will emerge for some time to come. Furthermore, the results in this paper probably will not immediately become obsolete, as even the much more sensitive SPIRE surveys will have to face the lack of deeper ancillary data, especially in the optical/NIR and in the radio. Identifying the precise location of the submm sources will require either deep and very wide-area VLA data, or a combination of MIPS 24 µm and PACS, or ultimately ALMA. Finally, in order to study the rest-frame optical/NIR of the z > 2 submm galaxies in much more detail than BLAST or SCUBA, future studies will really require instruments like WFC3 or JWST.
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A. Postage stamps
Postage stamp images for a selection of low redshift BLAST IDs. The images are all 2 ′ × 2 ′ in size. Every row shows a BLAST source, imaged at three different bands: left, GALEX NUV filter (centered at 2315Å); center, RGB combination of the U g r filters from the SWIRE optical survey; right, 3.6 µm IRAC band. The complete set of full-color cut-outs can be found at http://blastexperiment.info/results images/moncelsi/ Fig. A1 .- Note.-Reading from the left, the columns are: the BLAST identification number; the full IAU name of the BLAST source; the position of the counterpart (the arithmetic mean between the two sets of coordinates if both the radio and 24 µm counterparts are present); flag indicating whether the source is located within BGS-Deep; the redshift; flag indicating whether the redshift is spectroscopic or photometric; the provenance of the redshift (see Section 2.6 for details); the Hα rest-frame Equivalent Width (EW rf ) from AAOmega spectra, inÅ, with uncertainty; the ratio of the flux in the [NII] 658.3 line to the flux in the Hα line, from AAOmega spectra; column assessing the presence of an AGN in the host galaxy, based on line ratios ([NII]/Hα >0.6, Kauffmann et al. 2003; Miller et al. 2003) , or of a quasar, based solely on the broadness of the lines (we also indicate with "NED" objects flagged as AGN in NED); column assessing whether the objects is a quasar (Q), based solely on optical and mid-IR (IRAC) colors (see Section 6 for details); morphological classification: S=spiral, IS = interacting system, E = elliptical, C = compact, RC = red compact, BC = blue compact (see Section 7 for details).
a Colless et al. (2003) b Ratcliffe et al. (1998) c Ravikumar et al. (2007) Note.-Reading from the left, the columns are: the BLAST identification number; the full IAU name of the GALEX counterpart to the BLAST source; the position of the GALEX counterpart; the flux in the FUV filter, in magnitudes, with uncertainty; the flux in the NUV filter, in magnitudes, with uncertainty; Galactic extinction correction as from Schlegel et al. (1998) , in magnitudes; star-formation rate as estimated from the FUV flux (see Equation 3), in M⊙ yr −1 , with uncertainty (note that we listed SFRFUV for all FUV sources, even if only those with z < 0.36 are to be considered reliable, see Section 4.2); star-formation rate as estimated from the NUV flux (see Equation 3), in M⊙ yr −1 , with uncertainty (note that we listed SFRNUV for all NUV sources, even if only those with z < 0.91 are to be considered reliable, see Section 4.2); rest-frame bolometric FIR luminosity of the BLAST ID, in 10 10 L⊙, with upper and lower uncertainties (note that we quote the mode, and 68% c.l. of the distribution obtained, see Section 3.2 for details); stellar mass of the BLAST ID, in 10 10 M⊙ (see Section 8 for details), with uncertainty.
